INTRODUCTION
Poland is situated in the moderate climate zone, transitional between the maritime and continental climates. Compared to western and southern Europe countries, frosty winters, periodically occurring here, or non-typical warmings in January or February, or 
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else large temperature drops in November and March, create certain limitations for a greater selection of plant species. In addition, in spring and summer months air temperature quite frequently exceeds 30°C. Such weather variability, but also large diurnal temperature fl uctuations, which sometimes occur, may cause disturbances in the growth and development of plants, including evergreen plants. Leaves of these plants, living several years on average, are characterised by specifi c physiological activity associated, for example, with the annual course of photosynthesis. It has been demonstrated that, compared to deciduous plants, evergreen plants have higher nutrient use effi ciency, a lower rate of nutrient removal from older leaves, a higher lignin content, and leaf life span is negatively correlated with the maximum rate of photosynthesis, nitrogen concentration in leaves and their specifi c surface area (A e r t s , 1995). Available studies on the physiology of evergreen plants primarily relate to trees and shrubs (C z e k a l s k i , 1986; O l i v e i r a and P e n u e l a s , 2000; W a r r e n and A d a m s , 2004). Waldsteinia trifolia belongs to few herbaceous plants which do not lose leaves in the conditions of Poland. Waldsteinia trifolia Roch., syn. Waldsteinia ternata (Stephan) Fritsch syn. Dalibarda ternata Stephan, belongs to the family Rosaceae -the rose family. It is recognised to be a representative of pre-glacial ArcticTertiary fl ora which survived in specifi c refuges, inter alia, in Europe on the southern side of the Carpathian Mountains in deep, moist, shady ravines (M a g i c , 1959; Z a h r a d n i k o v a , 1992). Due to its relic nature and rare occurrence resulting from its small competitive potential, it has the status of a protected plant included in the Red Books (M a g i c and F e r a k ov a ). It does not occur in a natural state in Poland. It is a perennial plant with a creeping, branched rhizome, trifoliate leaves, yellow fl owers clustered in groups of 3-7 borne on erect stems 10-15 cm high. Its original, mat-forming habit, rich lively green and evergreen foliage, abundant and quite long fl owering make this species to be considered an attractive ornamental plant, and for some time it has also been included in offers of Polish horticultural fi rms.
The aim of the study was to estimate, in some months of the year, the content of photosynthetic pigments, anthocyanins and dry matter as well as the permeability of cytoplasmatic membranes of the leaves of Waldsteinia trifolia, little known in terms of its physiology.
MATERIALS AND METHODS
Waldsteinia trifolia plants growing at the premises of the Faculty of Horticulture of the Agricultural University in Kraków were the object of the study. The investigations were conducted in the years 2006 and 2007 at six dates which were the following, respectively: 27 March (in both years), 14 and 11 May, 13 June (in both years), 25 and 22 September, 25 and 20 October as well as 22 and 23 November. For the purpose of simplifi cation, in the further part of the present paper only names of the respective months are given.
On each date of analysis, about 30 grams of fullydeveloped, not ageing leaves were sampled; they were always collected from the middle portion of the stem. The leaves were carefully rinsed fi rst in running water, and then twice in distilled water. After drying them with fi lter paper, 2-4 discs were excised from each leaf between the veins using a cork borer. 6 discs were selected by random sampling from each representative group so prepared in fi ve replications; they were weighed, placed in test tubes and immersed in 15 cm 3 of distilled water. After 24 hours of incubation in the dark at a temperature of 20°C, measurements of specifi c conductivity were made in the obtained diffusate using a conductometer OK-102/1. Next, each sample with the discs was frozen for a period of 48 hours at -18°C and, after unfreezing and bringing the respective sample to a temperature of 20°C, specifi c conductivity of the solution was measured again. This measurement allowed the calculation of the percentage share of electrolytes diffused after 24 hours in their total amount in the tissue.
The remaining discs of the representative sample were used for the determination of the content of photosynthetic pigments and anthocyanins as well as of dry matter. After grinding the samples, weighed portions of 0.5 g were prepared in order to determine the chlorophyll and carotenoid content, and separately -the anthocyanin content. The chlorophyll 'a', 'b' and carotenoid content was determined and calculated using the method and formulas described in a paper by W e l l b u r n (1994). The anthocyanin pigments were determined following the method of M u r r a y and H a c k e t t (1991) . Under this method, the absorbance was read at two wave lengths, taking into account the maximum absorbance for anthocyanins (536 nm) and chlorophylls masking them (653 nm). Both values were presented in charts. The analysis of the content of photosynthetic pigments and of anthocyanins was performed in four replications.
In order to determine dry matter, 1 g portions were weighed in three replications, which were then dried to constant weight at a temperature of 105°C.
Statistical analysis of the results was carried out for each year separately using the STATISTICA programme by means of Fisher's LSD test, at p = 0.05.
RESULTS AND DISCUSSION
The content of photosynthetic pigments in the Waldsteinia leaves changed depending on the year and date of analysis (Fig. 1) . The highest level of chlorophylls a, b and carotenoids was found in 2007 in May and June. But in 2006 the content of the pigments in question was the highest in September, which might have been caused by favourable weather conditions that occurred after a relatively cool spring and hot summer in that year (Figs 3 and 4) . In the next months, together with temperature drops, the amount of pigments gradually decreased. In September 2007 over 30% less chlorophylls and carotenoids were noted in the Waldsteinia leaves compared to the May and June dates. The reason for this phenomenon could be the fi rst temperature drops down to around 0°C which occurred just before the September date of analysis (Fig.  4) . This level was maintained throughout autumn. In available literature, there is little data on the content of photosynthetic pigments in leaves of evergreen plants. The results relating to chlorophyll content obtained in the present study are similar to those shown in winter-deciduous leaves (B o a r d m a n , 1977). But it has been proved that lower photosynthetic activity in evergreen leaves is associated with a lower level of involvement of RUBISCO enzyme in CO 2 assimilation (W a r r e n and A d a m s , 2004).
It is interesting that the ratio of chlorophyll a to b in the Waldsteinia leaves on all the dates and in all the years of study was relatively constant and it was 3.5:1, on the average. Also, no great changes were observed in the proportions between green and yellow pigments, which usually change in autumn in winterdeciduous leaves (H o s t y ń s k a et al. 2007). But the discolourations of the Waldsteinia leaves were associated with the content of anthocyanin pigments (Fig. 2) . In 2006 the increased synthesis of anthocyanins started in October when temperature dropped below 5 o C, but there was no ground frost (Fig. 4) . Until November temperature fl uctuations within a similar range fur-ther stimulated the synthesis of these pigments. The obtained results have confi rmed the view that cool autumn nights, but without ground frost, promote the increase in anthocyanin content in leaves (L e a r , 1986; P i e t r i n i , 2002). A similar situation existed in the year 2007 in which night temperatures of about 5°C promoted a signifi cant increase in anthocyanin content in the Waldsteinia leaves already in September. Over a double increase occurred in October, but after a period of several days with subzero temperature in November (down to -5.7°C), there was a signifi cant decline. It is worth noting that also on the March date of analysis temperatures closer to 0°C promoted the synthesis of these pigments. There were more anthocyanins in this month with mean temperature of 2. (2002) have demonstrated that in the red leaves of Quintinia serrata they are present in the upper epidermis, performing the function of light fi lter for the lower located mesophyll cells. As a result of that, photosynthesis in the red leaves is less intensive and it is similar to that occurring in shade plants. The results obtained in the present study show that plants increase the synthesis of anthocyanins at temperatures close to 0°C, which are often accompanied by photooxidative stress in our climate. Due to this protective function, photosynthesis may take place in evergreen leaves on cool sunny days without major obstacles, although at a lower level.
Damage in plant cells exposed to stress factors relates in the fi rst place to cytoplasmatic membranes. A good indicator of this type of damage is the measurement of electrolyte leakage from plant tissue (S t a r c k et al. 1995; F u et al. 2006) . When analysing the share of electrolytes which diffused from the Waldsteinia leaf discs over a period of 24 hours in total electrolytes in the tissue, it can be stated that in 2006 the cell membranes were characterized by the greatest permeability on the June date as well as in November and March, whereas in 2007 -in November and then in June (Tab. 1). The increase in electrolyte leakage in both years in the month of June confi rms that the cytoplasmatic membranes in young cells are characterized by greater sensitivity compared to cells in which the growth is fi nished and which have achieved greater resistance to stress factors, including higher temperatures (Fig. 3) . But the marked increase in electrolyte leakage from the tissues demonstrated in November, in particular in 2007, shows the destructive effect of quite large temperature drops which occurred over this period (Fig. 4) . The smallest degree of damage of the cell membranes was demonstrated in May 2006. This result is diffi cult to interpret. Perhaps, after a relatively cool spring in this year which slowed down the growing process, a larger amount of older leaves was sampled for analysis. Dry matter content in the Waldsteinia trifolia leaves was high at each date of study and it was above 40%, on the average (Tab. 2). In both years, similar changes in dry matter content were observed, which were manifested in a distinct increase on the June date, most probably as a result of intensifi ed production of assimilates, as well as on the November date, when the plants were preparing for the winter period. In leaves of evergreen plants, dry matter content is usually much higher than in winter-deciduous leaves (A e r t s , 1995). They have more secondary compounds making up the cell wall, such as lignin, which, by strengthening the secondary cell wall, increase cell resistance to any damage, including freezing.
It is interesting that on the March date the Waldsteinia trifolia leaves were still characterised by very high dry matter content. It is also worth noting that on that date electrolyte leakage from the leaves was at an average level, and even in 2007 it was similar to that demonstrated in the month of May (Tab. 1). These data confi rm that this species has adaptations characteristic of Arctic vegetation and it is suitable for plantings in Poland, even in regions with large temperature drops.
CONCLUSIONS

The content of photosynthetic pigments in the
Waldsteinia leaves changed depending on the date of analysis, but the proportions of chlorophyll a to b and of chlorophylls to carotenoids did not change. 2. The Waldsteinia leaves accumulated the largest amount of anthocyanins in the months in which cool temperatures occurred without ground frost. 3. The cytoplasmatic membranes were characterised by the greatest permeability in June and in autumn, after the occurrence of fi rst ground frosts. 4. Dry matter content in the Waldsteinia leaves was from 36.9 to 44.5%, and it was the highest in both years of study in June and November.
